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Description 

The present invention relates to an apparatus for optically detecting a displacement (a moving amount, rotational 
amount, velocity, and acceleration) of an object and, more particularly, to an encoder, a velocity sensor, an acceleration 
5 sensor, and the like. 

Optical displacement sensors such as an optical encoder, a laser Doppler velocimeter, a laser interferometer, and 
the like for obtaining a displacement of an object with high precision by irradiating light onto the object have been widely 
used in the fields of NC machine tools, OA equipment, robots, precision manufacturing apparatuses, and the like. 

In one of such displacement sensors, 0th- and Ist-order diffracted light beams obtained by diffracting a laser beam 
10 by a first diffraction grating are irradiated onto a second diffraction grating formed on a scale. A +1st-order reflectively 
diffracted light beam generated by reflectively diffracting the Oth-order diffracted light beam by the second diffraction 
grating, and a -1st-order reflectively diffracted light beam generated by reflectively diffracting the "Ist-order diffracted 
light beam by the second diffraction grating are directed toward a third diffraction grating arranged near the first dif- 
fraction grating. The third diffraction grating synthesizes the +1st- and -1st-order reflectively diffracted light beams to 
15 form an interference light beam, and the interference light beam is photoelectrical^ converted to obtain a sine wave 
signal representing the displacement of the scale. 

In the above-mentioned displacement sensor, since the first and second diffraction gratings are supported by 
different members, the parallelness between the first and second diffraction gratings is low, and the incident positions 
of the +1st- and -1st-order reflectively diffracted light beams on the third diffraction grating cannot coincide with each 
20 other, resulting in a low intensity of the interference light beam. Therefore, the sine wave signal obtained by photoelectric 
conversion has a low S/N ratio. 

Furthermore, from document EP-A-0 333 929 a photoelectric position detection device having a three grating 
arrangement is known, which device evaluates light beams intensity modulated due to interference. However, this prior 
art arrangement requires a predetermined angle of incidence for an incident light beam impinging on a first grating, 
25 thus necessitating the light source and the detection device to be accurately aligned with respect to each other. 

Hence, it as an object of the present invention to provide a displacement detection apparatus which is free of the 
above mentioned problems. 

This object is achieved by a displacement detection apparatus according to claim 1. 

Advantageous further developments are as set out in the dependent claims. 
30 in particular, according to a preferred aspect of the present invention, the synthesizing means comprises a third 

diffraction grating for achieving the synthesis, and if grating pitches of the first, second, and third diffraction gratings 
are represented by P1, P2, and P3, the grating pitches substantially satisfy the following condition: 

35 IP1 -P2|.P3 = P1-P2 

According to another preferred aspect of the present invention, the second diffraction grating is designed to re- 
flectively diffract the two beams, and the first diffraction grating is formed on a surface, on the side of the third diffraction 
grating, of the substrate. 

40 According to still another preferred aspect of the present invention, the second diffraction grating is designed to 

reflectively diffract the two beams, and the first diffraction grating is formed on a surface, on the side opposite to the 
third diffraction grating, of the substrate. 

According to still another preferred aspect of the present invention, the second diffraction grating is designed to 
transmit the two beams, and the first diffraction grating is formed on a surface, on the side of the third diffraction grating, 

45 of the substrate. 

According to still another preferred aspect of the present invention, the second diffraction grating is designed to 
transmit the two beams, and the first diffraction grating is formed on a surface, on the side opposite to the third diffraction 
grating, of the substrate. 

50 Fig. 1 is a schematic perspective view showing the first embodiment of the present invention; 

Figs. 2A and 2B are explanatory views showing the first embodiment of the present invention, in which Fig. 2A is 
a front view, and Fig. 2B is a side view; 

Fig. 3 is a schematic perspective view showing the second embodiment of the present invention; 
Figs. 4A and 4B are explanatory views showing the second embodiment of the present invention, in which Fig. 4A 
55 is a front view, and Fig. 4B is a side view; 

Fig. 5 is a schematic perspective view showing the third embodiment of the present invention; 

Figs. 6A and 6B are explanatory views showing the third embodiment of the present invention, in which Fig. 6A is 

a front view, and Fig. 6B is a side view; 
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Fig. 7 is a schematic perspective view showing the fourth embodiment of the present invention; 

Figs. 8A and 8B are explanatory views showing the fourth embodiment of the present invention, in which Fig. 8 A 

is a front view, and Fig. 8B is a side view; 

Fig. 9 is a schematic perspective view showing the fifth embodiment of the present invention; 
5 Figs. 1 0A and 10B are explanatory views showing the fifth embodiment of the present invention, in which Fig. 10A 

is a front view, and Fig. 1 0B is a side view; 

Fig. 11 is a schematic perspective view showing the sixth embodiment of the present invention; 
Figs. 12A and 12B are explanatory views showing the sixth embodiment of the present invention, in which Fig. 
1 2A is a front view, and Fig. 1 2B is a side view; 
10 Fig. 1 3 is a schematic perspective view showing the seventh embodiment of the present invention; 

Figs. 14A and 14B are explanatory views showing the seventh embodiment of the present invention, in which Fig. 
14A is a front view, and Fig. 14B is a side view; and 

Fig. 1 5 is a block diagram showing an example of a drive system comprising the displacement detection apparatus 
of the present invention. 

15 

Fig. 1 is a schematic perspective view showing the first embodiment of the present invention, and Figs. 2 A and 
2B are respectively a front view and a side view of an apparatus shown in Fig. 1 . 

The apparatus of this embodiment comprises a light-emitting element 1 such as a light-emitting diode, a laser 
diode, or the like, a light-receiving element 3 for photoelectrical^ converting an interference beam, and outputting a 

20 displacement detection signal (sine wave signal), a first diffraction grating G1 for splitting a divergent light beam emitted 
from the light-emitting element 1, a second diffraction grating G2, having a grating pitch different from that of the first 
diffraction grating G1 , for deflecting the split divergent light beams by reflectively diffracting the light beams, a third 
diffraction grating G3, formed on a light-receiving portion of the light-receiving element 3, for synthesizing the light 
beams, a mask 6 arranged between the light-emitting element 1 and the first diffraction grating G1 to intercept unnec- 

25 essary light components, and a scale 10 in which the diffraction grating G1 is formed on one surface, on the side of 
the members 1 , 3, 6, and G3, of a transparent parallel plate, and the diffraction grating G2 is formed on the opposite 
surface of the transparent parallel plate. A portion of the divergent light beam emitted from the light-emitting element 
1 passes through the mask 6, and the passed light beam is subjected to phase modulation, i.e., is diffracted at a point 
01 of the diffraction grating G1 on the surface, on the side of the element 1 , of the scale 10, and is split into +1 st- and 

30 -1 st-order diffracted light beams R+1 and R-1 . The phase of the +1 st-order diffracted light beam R+1 is shifted by +2tcx/ 
P1 , and the phase of the -1 st-order diffracted light beam R-1 is shifted by -2?tx/P1 (where x is the moving distance of 
the scale). 

The +1 st-order diffracted light beam R+1 becomes incident on a point 02 of the diffraction grating G2 formed on 
the surface, opposite to the surface on which the diffraction grating G1 is formed, of the scale 10, and is reflectively 

35 diffracted and split into a -1 st-order diffracted light beam R+1-1 and other light beams. The -1 st-order diffracted light 
beam R-1 becomes incident on a point 03 of the diffraction grating G2, and is reflectively diffracted and split into a 
+1 st-order diffracted light beam R-1 +1 and other light beams. The phase of the -1 st-order diffracted light beam R+1-1 
from the point 02 is shifted by -2rcx/P2 by diffraction at the point 02, and becomes 2toc(1/P1-1/P2). The phase of the 
+1 st-order diffracted light beam R-1 +1 is shifted by 2nx/P2 by diffraction at the point 03, and becomes 2tcx(-1/P1 +1/P2). 

40 The -1 st-order diffracted light beam R+1-1 becomes incident on the diffraction grating G3of the light-receiving element 
3, is transmissively diffracted by the diffraction grating G3, and is split into a -1 st-order diffracted light beam R+1 -1-1, 
and other light beams. The +1 st-order diffracted light beam R-1+1 becomes incident on the diffraction grating G3 of 
the light-receiving element 3, is transmissively diffracted by the diffraction grating G3, and is split into a -1 st-order 
diffracted light beam R-1 +1-1, and other light beams. Of the transmissively diffracted light beams, the -1 st-order dif- 

45 fracted light beams R+1 -1-1 and R-1 +1-1 which are synthesized by overlapping their optical paths become incident 
on the light-receiving element 3 as an interference light beam. The phase of the interference light beam at this time is 
given by: 

so 2tcx(1/P1 -1/P2) - 2ttx(-1/P1 +1/P2) 

= 4toc(1/P1-1/P2) 
= 4tix/P3 



55 



Thus, every time the first and second diffraction gratings G1 and G2 on the scale 10 simultaneously move by a pitch 
1/2 of that of the third diffraction grating G3, a brightness change for one period occurs. 

In this embodiment, when the pitches of the three diffraction gratings G1 , G2, and G3 are respectively represented 
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by P1 f P2, and P3, the diffraction gratings G1 , G2, and G3 are designed to satisfy a condition P3 = P1 -P2/IP1-P2l(e. 
g., P1 =4 pm, P2 = 2 um, and P3 = 4 um). Thus, as can be seen from the above description, an encoder with a 
resolution of 2 ujti can be realized. 

In this embodiment, the first and second diffraction gratings G1 and G2 are separately formed on the opposite 
5 parallel surfaces of the transparent parallel-plate substrate 10, and the parallelness between the first and second 
diffraction gratings G1 and G2 is high since they are formed on the parallel surfaces of the common substrate, resulting 
in a high detection sensitivity (S/N ratio). 

The apparatus of this embodiment has a very simple interference optical system arrangement. When the two 
diffraction gratings G1 and G2 are formed on the two surfaces of a glass (scale 1 0) by, e.g., a replica method, a compact, 
io simple-structured, and inexpensive encoder can be realized. Since a head portion is constituted by only the light- 
emitting element 1 and the light-receiving element 3 with the third diffraction grating G3, the number of components is 
small, and assembling is easy, thus providing a very compact, low-cost encoder. When the diffraction grating G1 com- 
prises a phase grating, and a depth d of the steps of the grating is set to satisfy d = X/{2(n-1 )} (n is the refractive index 
of the grating, and X is the wavelength), Oth-order light can be almost eliminated from light beams diffracted and split 
is by the diffraction grating G1 , and only ±1 st-order diffracted light beams can be obtained. 

Fig. 3 is a schematic perspective view showing the second embodiment of the present invention, and Figs. 4Aand 
4B are respectively a front view and a side view of an apparatus shown in Fig. 3. 

The apparatus of this embodiment comprises a light-emitting element 1 such as a light-emitting diode, a laser 
diode, or the like, a light-receiving element 3 for photoelectrical^ converting an interference beam, and outputting a 
20 displacement detection signal (sine wave signal), a first diffraction grating G1 for splitting a divergent light beam emitted 
from the light-emitting element 1 , a second diffraction grating G2, having a grating pitch different from that of the first 
diffraction grating G1 , for deflecting the split divergent light beams by reflectively diffracting the light beams, a third 
diffraction grating G3, formed on a light-receiving portion of the light-receiving element 3, for synthesizing the light 
beams, and a scale 1 0 in which the diffraction grating G1 is formed on one surface, on the side opposite to the members 
25 1,3, and G3, of a transparent parallel plate, and the diffraction grating G2 is formed on the other surface, on the side 
of the members 1 , 3, and G3, of the transparent parallel plate. 

Since the basic principle for forming an interference beam in this embodiment is the same as that in the above 
embodiment, and can be easily understood from the optical path diagrams of Figs. 4A and 4B, a detailed description 
thereof will be omitted. 

30 This embodiment, as well, can provide the same effect as that in the above embodiment. As shown in Fig. 3, the 

diffraction gratings G1 and G2 on the scale are arranged on the opposite sides of the scale to assure the distance 
between the scale and the head. In the preferred aspect of this embodiment, grating pitches P1, P2, and P3 of the 
diffraction gratings G1, G2, and G3 satisfy a condition P3 = P1-P2/IP1-P2I. 

Fig. 5 is a schematic perspective view showing the third embodiment of the present invention, and Figs. 6A and 

35 6B are respectively a front view and a side view of an apparatus shown in Fig. 5. 

The apparatus of this embodiment comprises a light-emitting element 1 such as an LED, a laser diode, or the like, 
a light-receiving element 3 for photoelectrical ly converting an interference light beam, and outputting a displacement 
detection signal, a first diffraction grating G1 for splitting a divergent light beam emitted from the light-emitting element 
1, a second diffraction grating G2, having a grating pitch different from that of the first diffraction grating, for deflecting 

40 the split divergent light beams by transmissively diffracting the light beams, a third diffraction grating G3, formed on a 
light-receiving portion of the light-receiving element 3, for synthesizing the light beams, and a scale 10 in which the 
diffraction grating G1 is formed on one surface, on the side of the member 1, of a transparent parallel plate, and the 
diffraction grating G2 is formed on the other surface, on the side of the members 3 and G3, of the transparent parallel 
plate. 

45 Since the basic principle for forming an interference beam in this embodiment is the same as that in the above 

embodiments, and can be easily understood from the optical path diagrams of Figs. 6A and 6B, a detailed description 
thereof will be omitted. 

In the preferred aspect of this embodiment, grating pitches P1 , P2, and P3 of the diffraction gratings G1 , G2, and 
G3 satisfy a condition P3 = P1 -P2/IP1 -P2I. 
50 This embodiment can also provide the same effect as that in the above embodiments. 

Fig. 7 is a schematic perspective view showing the fourth embodiment of the present invention, and Figs. 8A and 
8B are respectively a front view and a side view of an apparatus shown in Fig. 7. 

The apparatus of this embodiment comprises a light-emitting element 1 such as an LED, a laser diode, or the like, 
a mirror surface 2, a light-receiving element 3 for photoelectrical^ converting an interference light beam, and outputting 
55 a displacement detection signal (sine wave signal), a first diffraction grating G1 for splitting a divergent light beam 
emitted from the light-emitting element 1 , a second diffraction grating G2, having a grating pitch different from that of 
the first diffraction grating, for deflecting the split divergent light beams by transmissively diffracting the light beams, a 
third diffraction grating G3, formed on a light-receiving portion of the light-receiving element 3, for synthesizing light 
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beams, a mask 6, arranged between the light -emitting element 1 and a scale 10, for intercepting unnecessary light 
components, and the scale 10 which has the diffraction gratings G1 and G2 on a surface, on the side of the light- 
emitting element 1 and the light-receiving element 3, of a transparent parallel plate, and has the mirror surface 2 on 
the opposite surface. 

5 A portion of the divergent light beam emitted from the light-emitting element 1 passes through the mask 6, and 

undergoes phase modulation, i.e., is diffracted and split into +1st- and -1st-order diffracted light beams R+1 and R-1 
at a point 01 on the diffraction grating G1 on the surface of the scale 10. The phase of the +1 st-order diffracted light 
beam R+1 is shifted by +27tx/P1 , and the phase of the -Ist-order diffracted light beam R-1 is shifted by -2nx/P1 (where 
x is the moving distance of the scale). 
10 The +1st-order diffracted light beam R+1 is reflected by a point 02 on the mirror surface 2, on the side opposite 

to the diffraction grating G1 , of the scale 10, and becomes incident on a point 04 of the diffraction grating G2. The +1st- 
order diffracted light beam R+1 is transmissively diffracted by the diffraction grating G2, and is split into a -1 st-order 
diffracted light beam R+1-1 and other light beams. Also, the -1st-order diffracted light beam R-1 is reflected by a point 
03 on the mirror surface 2, on the side opposite to the diffraction grating G1 , of the scale 10, and becomes incident on 
is a point 05 of the diffraction grating G2. The -1 st-order diffracted light beam R-1 is transmissively diffracted by the 
diffraction grating G2, and is split into a +1st-order diffracted light beam R-1+1 and other light beams. The phase of 
the -1st-order diffracted light beam R+1-1 is shifted by -2rcx/P2 by diffraction at the point 04, and becomes 2kx 
(1/P1 -1/P2). The phase of the +1 st-order diffracted light beam R-1 +1 is shifted by 2tix/P2 by diffraction at the point 05, 
and becomes 2tcx(-1/P1+1/P2). The -1 st-order diffracted light beam R+1-1 becomes incident on and is transmissively 
20 diffracted by the diffraction grating G3, and is split into a -1 st-order diffracted light beam R+1 -1 -1 and other light beams. 
Also, the +1 st-order diffracted light beam R-1+1 becomes incident on and is transmissively diffracted by the diffraction 
grating G3, and is split into a -1 st-order diffracted light beam R-1 +1-1 and other light beams. Of the transmissively 
diffracted light beams, the diffracted light beams R+1 -1-1 and R-1 +1-1 which are synthesized by overlapping their 
optical paths become incident on the light-receiving element 3 as an interference light beam. The phase of the inter- 
ns ference light beam at this time is given by: 

2tix(1/P1-1/P2) - 2tix(-1/P1+1/P2) 
30 =4tix(1/P1-1/P2) 

= 47CX/P3 

Thus, every time the first and second diffraction gratings G1 and G2 on the scale 10 simultaneously move by a pitch 

35 1/2 of that of the third diffraction grating G3, a brightness change for one period occurs. 

In this embodiment, when the pitches of the three diffraction gratings G1 , G2, and G3 are respectively represented 
by P1, P2, and P3, the diffraction gratings G1, G2, and G3 are designed to satisfy a condition P3 = P1-P2/IP1-P2I . 
For example, if PI =4 u/n, P2 = 2 urn, and P3 = 4 u.m, an encoder with a resolution of 2 u.m can be realized. 

In this embodiment, the first and second diffraction gratings G1 and G2 are separately formed on a single surface 

40 of a transparent parallel-plate substrate (scale 10), and the parallelness between the first and second diffraction gratings 
G1 and G2 is high, resulting in a high detection sensitivity (S/N ratio). 

The apparatus of this embodiment has a very simple interference optical system arrangement. When the two 
diffraction gratings G1 and G2 are formed on a single surface of a glass (scale 10) by, e.g., a replica method, the 
manufacture of diffraction gratings is facilitated. Since the diffraction gratings G1 and G2 are formed on a single surface, 

45 the head portion and the scale 10 can be easily mounted. When the diffraction grating G1 comprises a phase grating, 
and a depth d of the steps of the grating is set to satisfy d = X/{2(n-1)} , Oth-order light can be almost eliminated from 
light beams diffracted and split by the diffraction grating G1 , and only ±1 st-order diffracted light beams can be obtained 
(n is the refractive index of the grating, and X is the central wavelength of light emitted from the light-emitting element 1 ). 
Fig. 9 is a schematic perspective view showing the fifth embodiment of the present invention, and Figs. 10A and 

so 10B are respectively a front view and a side view of an apparatus shown in Fig, 9. 

The apparatus of this embodiment comprises a light-emitting element 1 such as a laser diode, a light-emitting 
diode, or the like, a mirror 2 separately arranged above a scale 10, a light-receiving element 3 for photoelectrically 
converting an interference light beam, and outputting a displacement detection signal, a first diffraction grating G1 for 
splitting a divergent light beam emitted from the light-emitting element 1 , a second diffraction grating G2, having a 

55 grating pitch different from that of the first diffraction grating G1 , for deflecting the split divergent light beams by trans- 
missively diffracting the light beams, a third diffraction grating G3 for synthesizing light beams, and the scale 10 in 
which the first and second diffraction gratings G1 and G2 are formed on a surface, on the side of the light-emitting 
element 1 and the light-receiving element 3, of a transparent parallel plate. 
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Since the basic principle for forming an interference beam in this embodiment is the same as that in the above- 
mentioned fourth embodiment, and can be easily understood from the optical path diagrams of Figs. 10A and 10B, a 
detailed description thereof will be omitted. 

In the preferred aspect of this embodiment, grating pitches P1, P2, and P3 of the diffraction gratings G1 , G2, and 
s G3 satisfy a condition P3 = P1-P2/IP1-P2I. 

This embodiment can also provide the same effect as that in the fourth embodiment. 

Fig. 1 1 is a schematic perspective view showing the sixth embodiment of the present invention, and Figs. 12A and 
12B are respectively a front view and a side view of an apparatus shown in Fig. 11 . 

The apparatus of this embodiment comprises a light-emitting element 1 such as a semiconductor laser, an LED, 

io or the like, a mirror 2 formed on the surface, on the side of the light-emitting element 1 , of a scale 10, a light-receiving 
element 3 for detecting a displacement detection signal by photoelectrically converting an interference light beam, a 
first diffraction grating G1 for splitting a divergent light beam emitted from the light-emitting element 1, a second dif- 
fraction grating G2, having a grating pitch different from that of the first diffraction grating G1 , for deflecting the split 
divergent light beams by reflectively diffracting the light beams, a third diffraction grating G3, formed on a light-receiving 

is portion of the light-receiving element 3, for synthesizing light beams, and the scale 10 in which the first and second 
diffraction gratings G1 and G2 are formed on a surface, on the side opposite to the light-emitting element 1 and the 
light-receiving element 3, of a transparent parallel plate. A portion of the divergent light beam emitted from the light- 
emitting element 1 passes through a mask 6, and the passed light beam is subjected to phase modulation, i.e., is 
reflectively diffracted at a point 01 of the diffraction grating G1 on the rear surface of the scale 10, and is split into +1 st- 

20 and -1st-order diffracted light beams R+1 and R-1 . The phase of the +1 st-order diffracted light beam R+1 is shifted by 
+2tcx/P1 , and the phase of the -Ist-order diffracted light beam R-1 is shifted by -2tcx/P1 (where x is the moving distance 
of the scale). 

The +1st-order diffracted light beam R+1 is reflected by a point 02 on the mirror surface 2 formed on the front 
surface of the scale 1 0, and becomes incident on a point 04 of the diffraction grating G2. The +1st-order diffracted light 

25 beam R+1 is transmissively diffracted by the diffraction grating G2, and is split into a -1st -order diffracted light beam 
R+1-1 and other light beams. Also, the -1st-order diffracted light beam R-1 is reflected by a point 03 on the mirror 
surface 2 formed on the front surface of the scale 10, and becomes incident on a point 05 of the diffraction grating G2. 
The -1 st-order diffracted light beam R-1 is transmissively diffracted by the diffraction grating G2, and is split into a +1 st- 
order diffracted light beam R-1+1 and other light beams. The phase of the -1 st-order diffracted light beam R+1-1 is 

30 shifted by -27CX/P2 by diffraction at the point 04, and becomes 2jcx(1/P1-1/P2). The phase of the +1st-order diffracted 
light beam R-1+1 is shifted by 2nx/P2 by diffraction at the point 05, and becomes 2rcx(-1/P1+1/P2). The -1 st-order 
diffracted light beam R+1-1 becomes incident on and is transmissively diffracted by the diffraction grating G3, and is 
split into a -1 st-order diffracted light beam R+1 -1-1 and other light beams. Also, the +1 st-order diffracted light beam 
R-1+1 becomes incident on and is transmissively diffracted by the diffraction grating G3, and is split into a -Ist-order 

35 diffracted light beam R-1 +1-1 and other light beams. Of the transmissively diffracted light beams, the diffracted light 
beams R+1 -1-1 and R-1 +1-1 which are synthesized by overlapping their optical paths become incident on the light- 
receiving element 3 as an interference light beam. The interference phase at this time is given by: 

40 2tcx(1/P1-1/P2) - 2nx(-1/P1+1/P2) 

= 4tix(1/P1-1/P2) 

Thus, every time the first and second diffraction gratings G1 and G2 on the scale 10 simultaneously move by a pitch 
45 1/2 of that of the third diffraction grating G3, a brightness change for one period occurs. 

In this embodiment, when the pitches of the three diffraction gratings G1 , G2, and G3 are respectively represented 

by P1, P2, and P3, the diffraction gratings G1, G2, and G3 are designed to satisfy a condition P3 = P1 -P2/IP1-P2I . 

For example, if PI =4 ujd, P2 = 2 um, and P3 = 4 um, an encoder with a resolution of 2 um can be realized. 

In this embodiment, an interference optical system has a very simple arrangement, and when the two diffraction 
50 gratings are formed on a single surface of a glass (scale 10), the manufacture of the diffraction gratings is facilitated. 

Since the diffraction gratings G1 and G2 are formed on a single surface, the parallelness between the two diffraction 

gratings can have remarkably high precision, and the sensitivity (S/N) of the detection signal can be improved. Thus, 

the influence of a mounting error between the head portion and the scale on the output can be eliminated, and the 

head portion and the scale can be easily mounted. 
55 Since the diffraction gratings G1 and G2 are formed as reflection type diffraction gratings on the rear surface of 

the scale 10, the influence of, e.g., dust attached to the gratings on the output signal can be eliminated. Furthermore, 

when a portion above the gratings G1 and G2 is covered with, e.g., a cover glass, the diffraction gratings can be 

protected. 
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When the diffraction gratings G1 , G2, and G3 comprise phase gratings, the depth of the grating steps of each of 
the diffraction gratings G1 and G2 is set to be X/An, and the depth of the grating steps of the diffraction grating G3 is 
set to be A/{2(n-1 )} , Oth-order diffracted light can be almost eliminated from light beams split by these diffraction grat- 
ings, and only ±1st-order diffracted light beams can be obtained (k is the wavelength, and n is the refractive index of 
s the grating). 

Since the diffraction gratings are formed on the rear surface of the scale, the interval between the scale and the 
head portion can be shortened, and a further compact structure can be provided. 

Fig. 13 is a schematic perspective view showing the seventh embodiment of the present invention, and Figs. 14A 
and 14B are respectively a front view and a side view of an apparatus shown in Fig. 1 3. 

10 The apparatus of this embodiment comprises a light-emitting element 1 such as a semiconductor laser, an LED, 

or the like, a mirror 2 separately arranged below a scale 10, a light-receiving element 3 for outputting a displacement 
detection signal by photoelectrically converting an interference light beam, a first diffraction grating G1 for splitting a 
divergent light beam emitted from the light-emitting element 1, a second diffraction grating G2, having a grating pitch 
different from that of the first diffraction grating G1 , for deflecting the split divergent light beams by reflectively diffracting 

1$ the light beams, a third diffraction grating G3, formed on a light-receiving portion of the light-receiving element 3, for 
synthesizing the light beams, and the scale 10 in which the first and second diffraction gratings G1 and G2 are formed 
on a surface, on the side opposite to the light-emitting element 1 and the light-receiving element 3, of a transparent 
parallel plate. 

Since the basic principle for forming an interference beam in this embodiment is the same as that in the above- 
20 mentioned sixth embodiment, and can be easily understood from the optical path diagrams of Figs. 14A and 14B, a 
detailed description thereof will be omitted. This embodiment can also provide the same effect as that in the sixth 
embodiment. It is preferable that grating pitches P1, P2, and P3 of the diffraction gratings G1 , G2, and G3 satisfy a 
condition P3 = P1-P2/IP1-P2I. 

In each of the apparatuses described above with reference to Figs. 1 to 14B, a collimator lens may be arranged 
25 between the light-emitting element 1 and the scale 10, so that divergent light emitted from the light-emitting element 
1 is collimated by the collimator lens, and the collimated light becomes incident on the scale 10. 

In each of the apparatuses described above with reference to Figs. 1 to 14B, the third diffraction grating G3 and 
the light-receiving portion of the light-receiving element 3 may be separately arranged, and a focusing lens may be 
arranged therebetween. 

30 Fig. 15 is a system block diagram showing a drive system using the encoder according to an embodiment as an 

application of the above-mentioned encoder. An encoder 101 is attached to a drive output portion of a drive means 
100 having a drive source such as a motor, an actuator, an engine, or the like, or to a moving portion of an object to 
be driven, and detects a displacement state such as a displacement amount, a displacement velocity, or the like. The 
encoder comprises one of those described in the above embodiments. The detection output of this encoder 101 is fed 

35 back to a control means 1 02, and the control means 1 02 supplies a drive signal to the drive means 1 00, so that a state 
set by a set up means 103 is attained. With this feedback system, the drive state set by the set up means 103 can be 
obtained. The drive system can be widely applied to OA equipment such as typewriters, printers, copying machines, 
facsimile apparatuses, and the like; video equipment such as cameras, video apparatuses, and the like; information 
recording/reproduction apparatuses; robots; machine tools; manufacturing apparatuses; transport machines; and all 

40 other apparatuses having drive means. 



Claims 

45 1. A displacement detection apparatus which comprises: 
a light emitting element (1); 

a first diffraction grating (G1 ) which receives a beam from said light emitting element (1 ) for splitting said beam 
into two beams; 
50 a substrate (10); 

a second diffraction grating (G2) provided on a first surface of said substrate (1 0) for receiving said two beams 
and for generating a first diffracted beam upon irradiation of one of the two beams and a second diffracted 
beam upon irradiation of the other of the two beams; 

synthesising means (G3j for synthesising said first and said second diffracted beams to form an interference 
55 beam; and 

means (3) for receiving said interference beam and for converting the interference beam into a signal repre- 
senting a displacement of said substrate (10), 
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characterised in that 

the first diffraction grating (G1) is arranged on said first surface of said substrate (10) or on another surface 
of said substrate (10) which is parallel to said first surface. 

s 2. An apparatus according to claim 1 , characterised in that the first diffracted beam includes +mth-order diffracted 
light, and the second diffracted beam includes -mth-order diffracted light; where m is a natural number. 

3. An apparatus according to claims 1 or 2, characterised in that the synthesising means comprises a third diffraction 
grating (G3) for achieving the synthesis. 

10 

4. An apparatus according to claim 3, characterised in that said second diffraction grating (G2) is a reflective diffraction 
grating and formed on a surface of said substrate (10) which is on the opposite side of the substrate (10) with 
respect to the third diffraction grating (G3). 

is 5. An apparatus according to claim 3, characterised in that said second diffraction grating (G2) is a transmissive 
diffraction grating and formed on a surface of said substrate (10) which faces said third diffraction grating (G3). 

6. An apparatus according to claim 3, characterised in that when the grating pitches of said first, second and third 
diffraction gratings (G1 . G2, G3) are represented by P1 , P2 and P3, the grating pitches substantially satisfy the 
20 condition: 

IP1 -P2I*P3=P1 *P2. 

25 7. An apparatus according to claims 2 to 6, characterised in that the first diffracted beam is +1 st-order diffracted light, 
and the second diffracted beam is -1 st-order diffracted light. 

8. A drive system comprising an apparatus according to claims 1 to 7. 

30 

Patentanspruche 

1. Vorrichtung zur Detektion einer Verschiebung, welche aufweist: 

35 - ein Lichtabstrahlelement (1), 

ein erstes Beugungsgitter (G1), welches einen Strahl vom Lichtabstrahlelement (1) aufnimmt, urn den Strahl 
in zwei Strahlen zu teilen, 
ein Substrat (10), 

ein zweites Beugungsgitter (G2), welches auf einer ersten Oberflache des Substrats (10) ausgebildet ist, zum 
40 Aufnehmen der zwei Strahlen und zum Erzeugen eines ersten Beugungsstrahls beim Einstrahlen eines der 

zwei Strahlen und eines zweiten Beugungsstrahls beim Einstrahlen des anderen der zwei Strahlen, 
eine Zusammensetzeinrichtung (G3) zum Zusammensetzen des ersten und des zweiten Beugungsstrahls, 
um einen Interferenzstrahl zu erzeugen, und 

eine Einrichtung (3) zum Aufnehmen des Interferenzstrahls und zum Umwandeln des Interferenzstrahls in ein 
45 Signal, welches eine verschiebung des Substrats (10) darstellt, 

dadurch gekennzelchnet, daBdas erste Beugungsgitter (G1) auf der ersten Oberflache des Substrats (10) 
oder auf einer anderen Oberflache des Substrats (10) angeordnet ist, welche parallel zu der ersten Oberflache ist. 

50 2. Vorrichtung zur Detektion einer Verschiebung gemaB Anspruch 1, 

dadurch gekennzeichnet, daft der erste Beugungsstrahl Beugungslicht +m-ter Ordnung aufweist und der 
zweite Beugungsstrahl Beugungslicht -m-ter Ordnung aufweist, wobei m eine naturliche Zahl ist. 

3. Vorrichtung zur Detektion einer Verschiebung gemaG Anspruch 1 Oder 2, 

55 dadurch gekennzeichnet, daO die Zusammensetzeinrichtung ein drittes Beugungsgitter (G3) aufweist, um 

das Zusammensetzen auszufuhren. 

4. Vorrichtung zur Detektion einer Verschiebung gemaB Anspruch 3, 
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dadurch gekennzeichnet, daft das zweite Beugungsgitter (G2) ein Reflexionsbeugungsgitter ist und auf 
einer Oberflache des Substrats (10) erzeugt ist, welche auf der entgegengesetzten Seite des Substrats (10) mit 
Bezug auf das dritte Beugungsgitter (G3) ist. 

5. Vorrichtung zur Detektion einer Verschiebung gemaB Anspruch 3, 

dadurch gekennzeichnet, daft das zweite Beugungsgitter (G2) ein Transmissionsbeugungsgitter ist und 
auf einer Oberflache des Substrats (10) erzeugt ist, welche dem dritten Beugungsgitter (G3) zugewendet ist. 

6. Vorrichtung zur Detektion einer Verschiebung gemaB Anspruch 3, 

dadurch gekennzeichnet, daft in dem Fall, wenn die Gitterabstande des ersten Beugungsgitters (G1), des 
zweiten Beugungsgitters (G2) und des dritten Beugungsgitters (G3) jeweils mit P1, P2 und P3 bezeichnet sind, 
die Gitterabstande im wesentlichen die Beziehung erfullen: 

IP1 - P2I * P3 = P1 * P2. 

7. Vorrichtung zur Detektion einer Verschiebung gemaB den Anspruchen 2 bis 6, 

dadurch gekennzeichnet, daB der erste Beugungsstrahl ein Beugungslicht +1 . Ordnung ist und der zweite 
Beugungsstrahl ein Beugungslicht -1 . Ordnung ist. 

8. Antriebssystem, welches eine Vorrichtung zur Detektion einer Verschiebung gemaB den Anspruchen 1 bis 7 auf- 
weist. 



Re vend icat ions 

1. Appareil de detection de deplacement qui comporte : 

un element (1) emettant de la lumiere ; 

un premier r6seau (G1) de diffraction qui recoit un faisceau dudit element (1) emettant de la lumiere pour 
diviser ledit faisceau en deux faisceaux ; 
un substrat (10) ; 

un deuxieme reseau (2) de diffraction situ6 sur une premiere surface dudit substrat (10) pour recevoir lesdits 
deux faisceaux et pour generer un premier faisceau diffracte sous Peffet d'une irradiation par Tun des deux 
faisceaux et un second faisceau diffracte sous i'effet d'une irradiation par Pautre des deux faisceaux ; 
un moyen (G3) de synthetisation destine a synthetiser lesdits premier et second faisceaux diffractes pour 
former un faisceau d'interference ; et 

un moyen (3) destine a recevoir ledit faisceau d'interference et convertir le faisceau ^interference en un signal 
representant un deplacement dudit substrat (10), 

caracterise en ce que 

ledit premier reseau de diffraction (G1) estagenc6 sur ladite premiere surface dudit substrat (10) ou sur une 
autre surface dudit substrat (10) qui est parallele a ladite premiere surface. 

2. Appareil selon la revendication 1 , caracterise en ce que le premier faisceau diffracte comprend une lumiere dif- 
f ractee d'ordre +m, et le second faisceau diffracts comprend une lumiere diffractee d'ordre -m, ou m est un nombre 
naturel. 

3. Appareil selon les revendications 1 ou 2, caracterise en ce que le moyen de synthetisation comprend un troisieme 
reseau (G3) de diffraction destine a realiser une synthese. 

4. Appareil selon la revendication 3, caracterise en ce que ledit deuxieme reseau de diffraction (G2) est un reseau 
de diffraction refiechissant et est forme sur une surface dudit substrat (10) qui est situee sur le c6te oppose dudit 
substrat (10) par rapport au troisieme reseau de diffraction (G3). 

5. Appareil selon la revendication 3, caracterise en ce que ledit deuxieme reseau de diffraction (G2) est un reseau 
de diffraction a transmission et est forme sur une surface dudit substrat (10) qui fait face audit troisieme reseau 
(G3) de diffraction. 
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Appareil selon la revendication 3, caracterise en ce que, lorsque les pas desdits premier, deuxieme et troisieme 
reseaux de diffraction (G1 , G2, G3) sont represents par P1 , P2 et P3, les pas des reseaux satisfont sensiblement 
a la condition : 

I P1 - P2 I * P3 = P1 * P2. 

Appareil selon les revendications 2 a 6, caracterise en ce que le premier faisceau diffracte est une lumiere diffractee 
d'ordre +1 et le second faisceau diffracte est une lumiere diffractee d'ordre -1. 

Systeme d'entratnement comportant un appareil selon les revendications 1 a 7. 
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FIG. 1 
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FIG 3 
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FIG. UA FIG. UB 
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FIG. 5 
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FIG. 8 A 




FIG. 8B 
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FIG. 9 
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FIG. 10 A 




FIG 10B 
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FIG. 12 A FIG. 12B 
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FIG. 13 
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FIG. 1UA FIG. %B 
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FIG. 15 
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